and their relation to concurrent aging changes. (P < 0.001) in the combined group (0.62 ± 0.18 cm), the right ventricular (RV) pressure overload group (0.60 ± 0.13 cm) and the RV volume overload group (0.53 ± 0.11 cm). Thirty-two patients underwent diagnostic right heart catheterization which revealed a good correlation between the RVWT measured echocardiographically and the right ventricular peak systolic pressure (r = 0.84).
and their relation to concurrent aging changes. SUMMARY The feasibility of subxiphoid echocardiography to measure the thickness of the right ventricular wall (RVWT) was investigated. In 87 (90.6%) of the 96 patients studied, adequate visualization of the echoes from the right ventricular wall was obtained using the subxiphoid technique.
RVWT averaged 0.34 ± 0.08 cm (mean ± 1 SD), ranging from 0.2 to 0.5 cm in 25 normal individuals. This was not significantly different from the values in the left ventricular overload group (0.36 ± 0.10 cm). However, the RVWT was increased significantly THE RECENT DEVELOPMENT AND IMPROVE-MENT of echocardiographic instruments has facilitated noninvasive assessment of cardiac function and evaluation of anatomical abnormalities of the heart. One of the most important achievements has been echocardiographic assessment of the dimensions of cardiac structures.1' 2 However, evaluation of ventricular wall thickness has been limited to the left ventricle. Assessment of the right ventricular wall remains outside the scope of echocardiographic study, except in infants and young patients who have a thin chest wall,3 4 because of interference by the gaseous tissue of the lung and because of problems due to the physical properties of ultrasound. Only the right ventricular dimension described by Popp et al.6 was found to be a clue to the estimation of the (P < 0.001) in the combined group (0.62 ± 0.18 cm), the right ventricular (RV) pressure overload group (0.60 ± 0.13 cm) and the RV volume overload group (0.53 ± 0.11 cm).
Thirty-two patients underwent diagnostic right heart catheterization which revealed a good correlation between the RVWT measured echocardiographically and the right ventricular peak systolic pressure (r = 0.84).
Subxiphoid echocardiography was considered to be useful in diagnosing right ventricular hypertrophy in adults.
size of the right ventricle, the value of which increases in patients with atrial septal defect or tricuspid insufficiency. consisted of four males and 14 females aged 24-70 years (mean 45.9 years). The right ventricular (RV) overload group was subdivided into two groups; RV volume overload (12 patients) and RV pressure overload (10 patients). One patient with pericardial effusion was also examined to confirm echoes from the endocardium and epicardium of the right ventricular wall.
All echocardiograms were done with an Aloka SSD-90 using a 2.25 MHz, 10 mm diameter transducer. They were recorded on a strip chart recorder at 50 or 100 mm/sec with simultaneous recordings of the electrocardiogram and phonocardiogram.
For estimation of the right ventricular dimension (RVD), and the thickness of the left ventricular posterior wall (LVPWT) and interventricular septum (IVST), the transducer was placed at the left fourth intercostal space and angled inferiorly and laterally until a satisfactory echocardiogram could be recorded according to the standard method of Popp et al. 6 Echocardiographic visualization of the right ventricular wall was accomplished by placing the transducer in the subxiphoid region and directing it superiorly and laterally toward the heart ( fig. 1 ). The interventricular septum was easily visualized but the left ventricular wall and the mitral valve could be detected less frequently. The direction of the transducer was then carefully changed to obtain echoes from the right ventricular wall.
The RVD was measured between the right ventricular epicardium or, if not feasible, a depth of 0.5 cm from the chest wall and the right side of the interventricular septum. The LVPWT was measured between the endocardium and the epicardium of the left ventricular posterior wall. The IVST was measured between the right and left side of the interventricular septum. The RVWT was measured between the epicardium and the endocardium of the right ventricular wall. All measurements were made at the peak of the R wave of the electrocardiograms.
Results
Of the 96 patients examined, adequate visualization of the right ventricular wall was possible in 87 (90.6%) patients. Of the nine patients in whom visualization was unsatisfactory, three had mitral stenosis and six were normal. All of them were young and cardiac enlargement was mild or absent. Echocardiograms obtained by the standard method were available for measuring the RVD, the LVPWT, and the IVST in all patients but one who had atrial septal defect. Echocardiographic measurements of this patient were made with the subxiphoid technique alone.
An M-mode scan with the transducer placed in the subxiphoid region and scanned from the base to the apex of the heart is useful to the examiner in interpreting subxiphoid echocardiograms and in determining the correct direction of the transducer for measurement of the RVWT. As seen in figure 2 , the left two-thirds of the tracing where the tricuspid valve leaflets or the chordae tendineae attached to them can be visualized, are suitable for measurement of the RVWT. The echo beam passes through the right ventricular wall obliquely and the papillary muscles (arrow) can be visualized in the right one-third. and the left ventricular wall do not differ from the pattern in the healthy subject in figure 3 . Therefore, the right ventricular cavity is dilated more rapidly during ventricular diastole. The R VWT was measured as 0.4 cm. tracing but became clearer when the transducer was angled more accurately, as is experienced often in pericardial effusion ( fig. 7A ). Figure 7B is a subxiphoid echocardiogram from the same patient, which clearly revealed the right ventricular wall. In both panels, the echo from the epicardium of the right ventricular wall was denser than that from the endocardium and the effusion fluid separated the epicardium from the pericardium throughout the whole cardiac phase. The epicardium was visualized as a smooth echo in figure 7A although it appeared as rough, multiple echoes in some places in figure 7B . This is possibly due to the attachment of inflammatory products to the epicardial surface of the inferior portion of the right ventricular wall. The RVWT was measured as 0.6 cm in figure 7A and figure 7B . The results of the echocardiographic measurements are shown in table 2. In the normal group, the mean RVWT was 0.34 + 0.08 cm (mean ± ISD) and was not significantly different from that in the LV overload group (0.36 ± 0.10 cm). The combined group, the RV pressure overload group and the RV volume overload group had increased RVWT values. They were 0.62 ± 0.18 cm, 0.60 + 0.13 cm, and 0.53 ± 0.11 cm, respectively. For the RVD index (calculated from the RVD divided by the body surface area), the mean value in the normal group was 0.96 ± 0.27 Cm/M2. Only the RV volume overload group showed an increased mean value (2.49 + 0.67 cm/M2). The remaining groups had normal or slightly increased values. The LVPWT was 0.78 ± 0.10 cm in the normal group and was increased significantly only in the LV overload group (1.16 ± 0.30 cm). The IVST was 0.82 ± 0.12 cm in the normal group and was also increased significantly in the LV overload group (1.18 + 0.32 cm). The ratios of RVWT/LVPWT were calculated. The ratio was 0.44 ± 0.12 for the normal group and 0.33 ± 0.10 for the LV overload group. The ratios for the other three groups were increased but there were no significant differences among them.
Of the patients studied, 32 underwent diagnostic right heart catheterization within one month before or after the echocardiographic examinations. The RVWT was significantly correlated with the right ventricular peak systolic pressure (r = 0.84) as seen in figure 8.
Discussion
Echocardiographic measurements of the size of cardiac structures such as the left atrial dimension,7 the left ventricular internal dimension' 8 Identification of the epicardium and endocardium of the right ventricular wall was easier with the subxiphoid technique than with the standard technique. If good visualization of echoes from the right ventricular wall using the standard technique can be made, systolic separation of the epicardium from the pericardium or the chest wall should be noticed frequently without any evidence of pericardial effusion.'2 This finding also was observed frequently with the subxiphoid technique, and both systolic and diastolic separations were found in a patient with pericardial effusion. This further supports the theory that an echo below the mul- tiple echoes from the abdominal wall originates from the epicardium. Moreover, echoes originating from the abdominal wall are not so dense as those from the right ventricular wall and the depth at which echoes from the right ventricular wall could be visualized using the subxiphoid technique ranged from 2 to 8 cm from the transducer, but is less than 2 cm in depth with the standard technique. In the present study the mean value was 5 cm. Therefore, gain control could be done more easily to obtain an echo from the epicardium of the right ventricular wall. Identification of the endocardium is also difficult with the standard technique because of a narrow window through which the right ventricular wall can be detected and because of a weaker echo than that originating from the epicardium causing difficulties in the adjustment of gain or output. By the subxiphoid technique, the window is wide enough that an M-mode scan may be performed if necessary to obtain satisfactory echo from the endocardium. Moreover, gain adjustment is easier at a greater depth and the epicardium can be recorded without interference from the echoes from the chest wall or the abdominal surface. The thickness of the left ventricular posterior wall and that of the interventricular septum were increased only in patients with left ventricular overload. But the thickness of the left ventricular posterior wall exceeded 1.2 cm in two patients with right ventricular overload; one with atrial septal defect and the other with mitral stenosis. Neither showed any evidence suggesting associated abnormalities causing left ventricular hypertrophy. The patient with atrial septal defect was 70 years old and the echocardiographic examination could be made only with the subxiphoid technique. The other was also an aged patient and had frequent episodes of chronic bronchitis. Therefore, chronic hypoxemia due to respiratory disorders may be a cause of the increased thickness of the left ventricular wall secondary to left ventricular dysfunction although the possibility of mistaking papillary muscle echoes for the endocardium cannot be eliminated completely.
Critiques of the Subxiphoid Method
Two problems should be considered in applying this method to evaluate right ventricular hypertrophy. In the Mmode scan the right ventricular wall appears to increase in thickness from the base to the apex because of visualization of the papillary muscles and the oblique passage of the echo beam. An erroneous measurement can result if the thickness of the right ventricular wall is measured near the apex. Thus a criterion to determine the proper site for this measurement is necessary. In the present study, the direction of the transducer was set so as to visualize echoes from the tricuspid valve or the chordae tendineae attached to it in the same manner as the thickness of the left ventricular posterior wall is measured, because at such a location the right ventricular wall is uniform in its thickness and the endocardium is easily distinguished from the chordae tendineae.
The other problem is that when the transducer is placed in the subxiphoid region, the echo beam transects the portion of the wall of the right ventricular inflow tract. In the course of right ventricular hypertrophy, the wall of the outflow tract or the parts around the crista supraventricularis hypertrophies first, especially in patients with right ventricular pressure overload; these hypertrophic changes subsequently extend to the other parts of the right ventricular wall. Hence, estimation of the thickness only of the wall of the right ventricular inflow tract may not be accurate enough for diagnosis of early stage right ventricular hypertrophy. But The purpose of our study was to re-examine the original observations of CPK disappearance rate (Kd) and distribution space, the variability of Kd in the same animal and between animals, and the effect of CPK Kd and distribution space of propranolol, a drug known to have an effect on the process of myocardial infarction in the dog.2
